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SUMMARY AND CONCLUSIONS 
1. A modification of the A. O. A. C. method for complete 
butter analysis is described. The method is considered applica-
ble for use in control laboratories, in which eight or more sam-
ples are analyzed at a time. 
2. This method, together with the !Cohman and Mojonnier 
analyses for butter, was compared with the A. O. A. C. method 
as a standard. The modified official and the !Cohman methods 
check closely with the A. O. A. C. method for all constituents 
of butter. With the ·50 samples analyzed in duplicate the fat 
content was 0.22 percent lower by the Mojonnier method (ab-
normal values not included-see table I ) than by the A. O. A. 
C. method. About 10 percent of the Mojonnier analyses varied 
widely from the duplicates and from the A. O. A. C. method. 
3. The variation between duplicates is attributed (a) to 
peculiarities in the emulsification of the fat in the extraction 
flasks, which caused incomplete extraction, and (b) to a blow-
ing out of ether-fat solution around the stoppers when these 
were removed or to both. 
4. Data are presented which show that the value by which 
normal Mojonnier fat determinations are lower than the A. O. 
A. C. method is equivalent to the fatty acids, which are not 
extracted in the Mojonnier procedure but which appear as fat 
with the A. O. A. C. analysis. It is further shown that this 
difference was larger, as the rancidity of the butter increased. 
5. The modified official method is a rapid method and is 
considered sufficiently accurate for the analysis of good quality 
butter in control laboratory work. Likewise the A. O. A. C. 
method is considered to be accurate as an analytical standard 
for the analysis of good quality butter. The !Cohman method 
as outlined is a rapid method sufficiently accurate for plant 
use. All three methods give values for fat which are too high 
by an appreciable amount for the analysis of rancid butter. 
6. The Mojonnier and the "la-gram" extraction methods 
give a closer approximation of the true fat value of rancid but-
ter than do the dry extraction methods (A. O. A. C., modified 
official and !Cohman). 
Chemistry of Butter and Butter Making 
1. A Comparison of Four Methods for the Analysis of 
Butter with an Explanation of a Discrepancy Found 
to Exist in the Fat Determinations 
By E. W. BIRD AND D. F. BREAZEALE 
The study herein reported resulted from a project which 
was planned to aid Iowa creameries control the composition 
of their butter with a greater degree of accuracy. In the 
composition control work three methods of analysis have been 
employed at different intervals. The modified official method 
is introduced and described in this bulletin. The reasons for 
the development of this method were that one procedure em-
ployed seems to have been considered suitable only for ap-
proximate control work in the small plant, and that the other 
was too time-consuming and appeared to be somewhat inac-
curate for the fat determination. 
The purposes of the investigation were, then, to compare 
three methods for the analysis of butter: the Kohman, the Mo-
jonnier and the method suggested herein, with the method of 
the Association of Official Agricultural Chemists (A. O. A. 
C.), as a standard; to determine whether the difficulties al-
luded to above were actual errors in the fat determination, 
and, if they were, to discover the cause for their occurrence. 
LITERATURE REVIEW 
Kohman (8) developed a rapid method for determining the 
fat content of hutter. He reported results with this method 
which were as accurate as those obtained with the A. O. A. C. 
method. 
Overman and Okimoto (13) reported duplicate analyses on 
eight samples of butter by the A. O. A. C., the Rose-Gottlieb, 
the Mojonnier and the Kohman methods. The average dif-
ferences between duplicate fat analyses were: A. O. A. C. 
0.051 percent, Rose-Gottlieb 0.035 percent, Mojonnier 0.029 
percent and Kohman 0.075 percent. They state'd, "In no case 
does the amount of fat determined by the decantation method 
vary from the determination by any of the other three meth-
ods by as much as 0.2 percent, and in most cases the differ-
ence is less than 0.1 percent." 
Dahlberg (5) reported duplicate analyses of five butter 
. samples by the Rose-Gottlieb method (ayerage 80.31 percent 
fat) and by a modification of this method in which Mojonnier 
apparatus was used (average 80.27 percent fat). 
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Mitchell and Aliend (10) stated that the A. O. A. C. method 
may be subject to the following errors: (a) failure to trans-
fer all of dried sample, (b) failure to remove all fat from as-
bestos mat, (c) corrosion of the dish, (d) solution of salt by 
condensed moisture and (e) volatilization of sodium chloride. 
A method was proposed which they considered eliminated the 
sources of these errors. This method was later modified and 
reported by Mitchell (9). In brief, it consists- of weighing a 
1.0 to 1.5 gm. sample into a Gooch crucible which contains a 
mat made of 0.1 gm. asbestos and 20 gm. R. R. alundum (90 
mesh). The moisture is expelled by heating for two hours at 
105 0 C. The crucibles are then weighed, the fat is extracted 
in a closed system for 30-40 minutes with carbon tetrachloride, 
the crucibles are dried and reweighed, and the salt is dissolved 
and titrated with silver nitrate using potassium chromate as 
an indicator. Duplicates by this me,thod showed closer agree-
ment than by the A. 0 , A. C, method. 
Ne~lander and Ellenberger (12), inan investigation of meth-
ods for the preparation of butter samples for analysis, re-
ported a comparison of the moisture values of 28 samples, as 
determined by the 10-gram (Kohman) and by the A. O. A. C. 
methods; the average moisture contents were 15.73 percent 
and 15.74 percent, respectively. The average of the variations 
between duplicates, by the 10-gTam method was 0.05 percent, 
with a maximum of 0.10 percent, while the average of the 
variations by the A. O. A. C. method was 0.02 percent with a 
maximum of 0.06 percent . 
. Guthrie (7) made a detailed study of a modified Kohman 
method in which gasoline replaced petroleum ether. He pre-
sented some comparisons between this and the A. O. A. C. 
method of analysis. The samples were prepared by warming 
slowly and stirring to a creamy consistency. The Kohman 
samples were weighed on an analytical balance "sensitive to 
the fourth decimal place of a gram." In some cases exactly 
1Q grams were weighed in open beakers ; in others, approxi-
mately 10 grams ,"vere weighed in covered beakers. Twelve 
to fourteen ' analyses were made on each sample. The mois-
t\lre from these samples was expelled on, a hot plate at 1400 C. 
A similar comp.arison of methods of weighi~g was, conducted 
with the A. O. A. C. analysis, H e concluded that, "The modi-
fied Kohman method of making a complete analysis of butter 
is more simple and easier of operation than the A. O. A. C. 
procedure ; it requires less time and is fully as nearly accurate. 
Covers for the weighing dish should be used with both 
methods." 
Judging from the lack of experimental work reported in the 
literature, in which wet extractions have been used for deter-
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mmmg the fat content of butter, it would appear that such 
methods as the Rose-Gottlieb and Mojonnier have received 
but little attention. 
EXPERIMENTAL 
Fifty samples of butter were analyzed in duplicate by each 
of four methods-the Kohman, the Mojonnier, the Modified 
Official and the A. O. A. C.-in order to check the speed, ac-
curacy and reliability of three methods against the A. O. A. C. 
method as a standard. The samples analyzed were selected 
at random from those samples submitted in the composition 
control study, although care was exercised to select only those 
jars which were completely or nearly completely filled. : This 
precaution was taken "in order to minimize moisture loss er-
rors, since eight samples had to be removed from each" jar. 
The jars in which the samples were received were half-pint 
Mason jars with rubber rings and screw-tops, a type which 
eliminated any possibility of gross composition changes in the 
sample from the time of shipment, through the mixing and 
analyzing of the samples. 
PREPARATION OF SAMPLES FOR ANALYSIS 
The data for the comparisons of methods were obtained dur-
ing August and September, 1929. The samples softened suffi-
ciently for mixing when allowed to stand at room tempera-
ture overnight. They were mixed, by stirring with a glass 
rod, beyond that point at which the butter appeared to be en-
tirely homogeneous. This usually required from 3 to 4 
minutes. ' 
The stirring rod was made from 14-inch glass rod, 8 or ] 0 
inches long, with a right angle bend about 1 inch from one 
end. This offset was softened in a flame and was rolled flat 
with a carbon pencil. This type of stirring rod was preferred 
to an ordinary spatula because it more easily reached all parts 
of the jar, mixed the upper and lower portions of the butter 
more effectively and was less difficult to manipulate in full 
jars in such a way as to prevent forcing the butter from the 
jars" This method of preparing samples for analysis is quite 
comparable with the official method, procedure C, as inter-
preted by Newlander and Ellenberger (12). 
Samples for the A. O. A. C. and modified official methods 
were weighed first, the order of these being alternated; those 
for the Mojonnier and Kohman methods were weighed last. The 
reason for withdrawing the Mojonnier samples after the A. O. 
A. C. and modified official samples, was to give them any ad-
vantage which might result from the evaporation of moisture 
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from the butter in the jar. The Kohman samples were weighed 
either third or last as a matter of convenience. The butter 
was stirred briefly just before the samples for each method 
were taken to minimize the effect of surface evaporation. 
THE A. O. A. C. METHOD 
The A. O. A. C. method was used as described in the" Offi-
cial and Tentative Methods of Analysis" (1). The samples were 
weighed into aluminum dishes 3 inches in diameter and 1 inch 
in depth. ' These were heated to constant weight in an elec-
tric oven at 1000 C. The moisture-free residues were dis-
solved in petroleum ether, were transferred to weighed Gooch 
crucibles with the aid of a wash flask filled with this solvent, 
and the crucibles, curd and salt were washed free from fat. In 
order to facilitate this transfer, the sides of the dishes were 
hammered to form pour-out lips. A glass stirring rod (with 
policeman) was used to loosen solid material from the dishes. 
The crucibles and contents were dried to constant weight at 
] 000 C.; the organic matter was ignited in a muffle furnace at 
dull red heat, and the salt was determined volumetrically 
upon the residue. 
THE MODIFIED OFFICIAL METHOD 
No attempt was made to weigh samples of exactly 1 gm. It 
was considered that samples could be rapidly and accurately 
weighed to 1.0 ± 0.001 gm. Therefore, all sample weights 
were kept within the range of 0.9990 to 1.0010 gm., since (as 
will be shown later) when samples were within these limits the 
calculation of results was shortened considerably. 
In this work the hot plates, vacuum ovens and cooling des-
sicators of a Mojonnier tester were used, although any vacuum 
oven and hot plate adjusted to the desired temperatures 
could be employed. 
The dishes containing the samples were placed on the hot 
plates at any temperature less than 1000 C.; the current was 
turned on, and the rheostat was set at zero resistance. When 
a slight browning of the curd was perceptible (about 1500 C.), 
the samples were placed in the oven and were heated at 1000 
C. for 10 minutes under a vacuum of 20 to 22 inches. They 
were placed in the cooling dessicator for 5 minutes before the 
solids were weighed. 
Following the moisture determinations about 10 cc. of 
petroleum ether were added to the. residues in the aluminum 
dishes. The · contents were transferred (under suction) to 
weighed glass crucibles! and were washed free from fat as 
IThe crucibles employed were made of Jena glass. having fused-in filtering disks 
of a degree of fineness capable of holding barium sulfate precipitates. 
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in the A. O. A. C. method. They were heated for at least 15 
minutes in a 1000 C. electric oven to remove the last traces of 
petroleum ether. This may also be accomplished by heating 
on a hot plate until no odor of petroleum ether remains. The 
crucibles were cooled for at least 15 minutes in a Mojonnier 
cooling dessicator before they were weighed. The weight of 
the residue in the crucibles represents the fat-free solids (salt 
and curd) and may be converted to a percentage basis by mul-
tiplying by 100. 
The salt and curd were washed from the crucibles into white 
cups with a stream of hot water from a wash flask; usually 
three or four washings of 10 cc. each were sufficient to re-
move all visible material. Any traces of salt remaining were 
washed into a 150 cc. Erlenmeyer flask (under suction) with 
two or three 10 cc. portions of hot water. These filtrates were 
added to the first washings. The salt solution was titrated 
against silver nitrate (2.906 gm. per liter) with 1 cc. of potas-
sium chromate (5 percent solution) as the indicator. Each 
cubic centimeter of silver nitrate is equivalent to 0.1 percent 
salt. The percent of curd was obtained by subtracting the 
percent of salt from the percent of salt and curd. 
The percentage of moisture is calculated, as indicated, by 
the following formula: 
Percent moisture = 100 - pereent solids; 
P t l 'd weight of solids 100 ercen so 1 s = . X 
, weIght of sample 
It is obvious that if 12 or 16 samples are analyzed, consid-
erable time would be required to calculate the percentage of 
solids if the sample weights were other than 1.0000 gm. On 
the other hand, weighing samples to exactly 1.0000 gm. is a 
slow, tedious operation which may result in low moisture 
values due to evaporation before the sample weight is read. 
In order to overcome these difficulties the sample weight was 
held between 0.9990 and 1.0010 gm., and the percentage of 
solids was determined as follows: Calculate the percent solids 
on the basis of a 1.0000 gm. sample. For each 0.0001 gm. that 
the sample weighed less than 1 gm., add 0.01 to the percent 
of solids, or for each 0.0001 gm. that the sample weighed 
more than 1 gm., subtract 0.01 from the percent of solids. For 
example, if the weight of solids were 0.8457 gm., the percent 
of solids on the basis of a 1.0000 gm. sample would be 84.57. 
If the sample weight had been greater or less than 1 gm., for 
instance, 1.0006 or 0.9993, the percent of solids would have 
been 84.51 or 84.64, respectively. 
For practical purposes this method of calculation gives re-
sults which are sufficiently accurate when the sample weights 
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range from 0.9990 to 1.0010 gm. The maximum error thus 
encountered in the solids is less than 0.02 percent. With such 
sample weights the percentages of salt and curd can be cal-
culated on the basis of a 1.0000 gm. sample since the correc-
tions are in the third decimal place and are, therefore of no 
significance. The percentage of fat is obtained as in the A. 
O. A. C. method by subtracting the percent of fat-free solids 
(salt and curd) from the percent of total solids. 
With regard to the method just described, a few points war-
rant further discussion. The moisture determination differs 
from the . Mojonnier method only in the nature of the 
heating on the outside hot plate. According to the Mo-
jonnier method, the aluminum dishes containing the sam-
ples should be placed on the hot plate at 1800 C. In 
the modified official method considerable time is saved if 
the hot plate is at a temperature lower than 1000 C. when 
the samples are placed on it. The slower heating causes the 
salt and curd particles to be larger, which permits more rapid 
filtering and decreases the tendency to clog the filters. 
Occasionally a little fat may be found on the inside of The 
crucible below the filtering disk. This may result from the 
use of an insufficient quantity of petroleum ether. It can be 
removed easily by drawing more of the solvent through the 
crucible. From 30 to 40 cc. of petroleum ether are usually 
sufficient 'to completely remove all of the fat from the cruci-
ble and the contents. This amount may be increased to 50 cc. 
or more without any appreciable waste since the ether can be 
distilled from the fat and used again. 
The crucibles should be cleaned whenever it is noticed that 
the filtrations are somewhat slower than normal. This is easily 
accomplished by immersing them in ordinary cleaning solution 
(sulfuric acid-dichromate mixture) overnight, rinsing with tap 
water and washing free from acid with distilled water, 'rhey 
can usually be used for five or six determinations without 
cleaning. 
The crucibles are most conveniently brought to constant 
weight by heating in a 1000 C, electric oven overnight, when 
a sufficient number are available that each is used only once 
daily. They can be taken to constant weight more quickly in 
the Monjonnier vacuum oven, In this case it is necessary to 
heat the crucibles at 1000 C. under a vacuum of 20 inches for 
30 minutes, or if they have been previously washed with alco-
hol and ethyl ether, for 10 minutes, 
THE MOJONNIER METHOD 
Samples of approximately 1 gm, were weighed directly in the 
extraction flasks , The Mojonnier method (11) was followed 
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with the exception that cold water was used instead of hot 
water. The use of cold water had previously been found to 
help eliminate the danger of losing some of the ether-fat solu-
tion by "blowing out" around the corks when they were re-
moved. 
The moisture determinations by the Mojonnier and modified 
official methods are considered identical. For that reason one 
determination sufficed for both methods. 
THE KOHMAN METHOD 
The principle involved in the Kohman test has been used by 
various investigators with so many modifications that it seems 
necessary to describe briefly the method employed. An attempt 
was made to approximate creamery conditions. The windows 
were kept closed but the balances were not shielded from air 
currents. Two student helpers were frequently employed in 
order that the analyses with this method would represent the 
work of more than one operator. 
Sampies of exactly 10 gm. wcre weighed in aluminum beak-
ers (diameter 2% inches and height 3% inches) on Torsion 
moisture balances which were in good working order but were 
not as sensitive as new balances. The moisture was expelled 
by heating with continuous agitation over a medium Bunsen 
flame. The beaker was cooled in water, dried and weighed. 
A bout 40 cc. of petroleum ether were added and .stirred with a 
glass rod. The beaker was placed in a half-pint jar at an angle 
(about 45° ) in order that the curd and salt would be least dis-
turbed when the ether was poured off. The curd and salt were 
allowed to settle until the ether-fat layer was practically clear 
rather than for a definite time (usually from 10 to 15 minutes). 
The ether-fat solution was slowly poured off until only a few 
drops remained, and the process was repeated. The petroleum 
ether from the second extraction was used for the first extrac-
tion on the next sample. 
Following the second decantation, the cup was placed on its 
side on the desk in order that the fumes could escape more 
rapidly. When the curd and salt appeared dry, they were 
powdered by tapping the beaker on the desk and were further 
dried until no odor of petroleum ether could be detected. 
After the curd and salt were weighed, they were dissolved in a 
small amount of hot water and were transferred to a 250 cc. 
graduated cylinder. Cold water was added to the 250 cc. mark, 
the contents were mixed, and a 25 cc. portion was titrated 
with silver nitrate (2.906 gm. per liter). ' 
COMPARISON OF METHODS 
The time required to make complete analyses of butter sam-
ples, with the methods just described, varies from day to day j 
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therefore, no attempt was made to determine the exact time 
which should be required by each method. The Mojonnier and 
modified official methods have each been used in this labora-
tory for about 7 months and the Kohman method for 2 months. 
During these periods from 8 to 16 samples were analyzed daily. 
F'rom 10 to 12 hours were required to make moisture, fat and 
salt analyses of 16 samples by the Mojonnier method (the salt 
determinations having been made by dissolving the residues 
from the moisture tests in hot water and titrating with silver 
nitrate). From 6 to 8 hours were required to analyze 16 sam-
ples by the Kohman and modified official methods. 
When samples were analyzed in lots of eight or more, there 
was little difference in the time required by the Kohman and 
modified official methods, but when fewer analyses were made, 
the Kohman method was the more rapid. The A. O. A. C. 
method has not been used on a large scale, but it is known to 
be much slower than any of the others. 
From the standpoint of reagents used, the cost of analyzing 
butter is about the same for the Kohman and modified official 
methods, but it is somewhat higher for the Mojonnier method 
since none of the reagents can be recovered. 
In order to compare the accuracy and reliability of the three 
methods with the A. O. A. C. method as a standard, 50 sam-
ples were analyzed in duplicate by each method. The data: pre-
sented in table I give the results of the determinations for fat. 
The average of the modified official method was 0.016 percent 
higher than was the average of the A. O. A. C. method, and the 
average differences between duplicates by these methods were 
0.050 percent and 0.043 percent, respectively. The greatest 
variation between the duplicates of any sample was 0.17 per-
cent for the modified official and 0.16 percent for the A. O. A. 
C. method. 
The average of the. Mojonnier fat analyses was 0.220 percent 
lower than that of the A. O. A. C. method. This average does 
not include 10 values2 which were more than 0.50 percent 
lower than the duplicate determinations. These values are 
presented in the table because they are typical of and in about 
the same proportion as the irregularities encountered when the 
Mojonnier method was used for a period of 7 months in 
the composition control work for Iowa creameries. The aver-
age of the differences between duplicates, omitting the 10 
values,2 was 0.112 percent. The maximum variation was 2.87 
percent. 
The Kohman fat analyses averaged 0.041 percent lower than 
those by the A. O. A. C. method. The average difference be-
'See table I which contains 10 values marked with an asterisk. 
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TABLE I. COMPARISON OF THE FAT PERCENTAGES IN THE SAME 
SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
A.O.A.C. method Modified official Mojonnier method Kohman method 
method 
Sample 
no. Difl. Difl. Difl. Difl. 
between between between between 
Analyses dupli- Analyses dupli- Analyses dupli- Analyses dupli-
cates cates cates cates 
80.39 80.29 79 .91 80.25 
1 80.45 0 . 06 80.12 0.17 80.11 0 . 20 80.20 0.05 
80.97 80.82 80.64t 80.85 
2 80 . 97 0 . 00 80.89 0 . 07 80.07* 0.57* 80.90 0.05 
80.52 80.55 80.41 80 . 55 
3 80.50 0.02 80.66 0.11 80 .44 0 . 03 80.50 0.05 
80.35 80.40 79.46* 80 . 50 
4 80.34 0.01 80.43 0 . 03 80.06t 0 . 60* 80 .50 0.00 
. 
-- 81.48 78.64* 81.40 
5 81.39t -- 81.51 0.03 81. 51t 2.87* 81.40 0 . 00 
81.32 81.45 81.24t 81.50 
6 81.32 0 . 00 81.48 0.03 80 . 23* 1.01* 81.55 0.05 
79 . 93 79 . 91 79 . 76 80.00 
7 79 . 99 0.06 79 . 96 0 . 05 79 .86 0.10 80.00 0.00 
80.26 80 . 09 79.94 80.05 
8 80.25 0 . 01 80.07 0.02 79.89 0.05 80 . 10 0.05 
80.82 80.73 80.71 80 . 75 
9 80.93 0.09 80.77 0 . 04 80.72 0.01 80 . 90 0.15 
80.55 80.52 80.50t 80.50 
10 80 . 51 0.04 80.57 0 . 05 78.38* 2.12* 80 . 50 0.00 
80 . 13 80.03 79.80 79.90 
11 80.06 0.07 80 . 02 0.01 79.85 0.05 80.00 0 . 10 
82 . 13 82.06 81.90 81.85 
12 82.08 0.05 82.01 0 . 05 81.60 0.30 81.95 0.10 
80 . 99 80.97 80.24 80.90 
13 80.96 0.03 81.04 0.07 80.53 0.29 81.00 0 . 10 
80.47 80 .53 80.27 80.55 
14 80 . 60 0.13 80.61 0 . 08 80.35 0.08 80.65 0.10 
80 . 12 80.02 79.91 80.00 
15 80.26 ' 0 . 14 80.12 0.10 79.94 0 . 03 80 . 30 0.30 
81.14 81.15 80.88 80.90 
16 81.13 0.01 81.05 0.10 80 . 91 0.03 81.10 0 . 20 
81.08 80.94 80.85 80 . 80 
17 81.09 0 . 01 81.03 0 . 09 80 .89 0.04 81.05 0.25 
79.88 79.86 ~ngl 79 . 70 18 79.72 ' 0.16 79 .84 0.02 0 . 90* 79.85 0.15 
80.19 80 . 18 79 . 94 80 . 10 
19 80.17 0.02 80 . 19 0.01 80.02 0.08 80.20 0.10 
79.77 79.84 79 . 67 79.75 
20 79.80 0 . 03 79 . 79 0.05 79.64 0.03 79.70 0 . 05 
80.24 80 . 23 80 . 13 80.25 
21 80 .25 0 . 01 80.23 0 . 00 80.02 0 . 11 80.10 0.15 
79.54 79 .53 79.31 79 . 35 
22 79 . 53 0.01 79 .58 0.05 79.42 0.11 79.50 0.15 
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TABLE I. COMPARISON OF THE FAT PERCENTAGES IN THE SAME 
SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
(Continued) 
A.O.A.C. method Modified official Mojonnier method Kohman method 
method 
Sample 
no. Dill. Dill. Dill. Dill. between between between between Analyses dupJi- Analyses dupJi- Analyses dupli- Analyses dupJi-
cates cates cates cates 
80.34 80.26 79.83 80.20 23 80.28 0 . 06 80.26 0 . 00 80.10 0.27 80.30 0 . 10 
80.68 80.81 80.56 80 . 65 24 80.72 0.04 80.73 0.08 80.58 0 . 02 80.65 0.00 
80 . 49 80.63 80.34 80.45 25 80.60 0 . 11 80.66 0.03 80.52 0 . 18 80.55 0.10 
80.68 80.67 80.61t 80.60 26 80.66 0 . 02 80 .69 0 . 02 79.68* 0 .93* 80.50 0.10 
80.75 80.83 80.56 80.60 27 80.76 0.01 80.87 0 . 04 80.39 0 . 17 80.65 0 . 05 
81.95 81.93 80.59* 81. 75 28 81.92 0.03 81.88 0.05 81.46t 0.87* 81.95 0.20 
80.44 80.52 79.80 80.40 
.29 80.45 0 . 01 80.48 0 . 04 80 .23 0.43 80 . 50 0.10 
81.27 81.26 80.38 81.10 30 81.21 0 . 06 81.31 0 . 05 80.83 0.45 81.30 0.20 
80.74 80.80 80.76 80.84 ' 31 80.79 0.05 80.81 0 . 01 80.76 0 . 00 80.90 0.06 
80.82 80.89 80.70 80.75 32 80.79 0.03 80.81 0 . 08 80.69 0.01 80.95 0 . 20 
80.43 80.66 80.20 80 . 40 33 80.47 0 .04 80.57 0 . 09 80.35 0 . 15 80.50 0.10 
80.74 80.81 80.63 80.75 34 80.70 0.04 80.84 0.03 80.72 0.09 80 . 85 0.10 
80 .37 80.45 80 . 12 80.20 35 80.40 0.03 80.50 0.05 80.16 0.04 80.30 0.10 
80.07 ' 80.07 79 .81 80.03 36 80.12 0.05 80.05 0 . 02 79 . 92 0.11 80.10 0 . 07 
79.71 79.73 79.56 79.68 37 79 . 78 0.07 79.76 0 .03 79.57 0 . 01 79.75 0.07 
80.22 80.18 79 .96 80.20 38 80.20 0 .02 80.21 0 . 03 80.08 0 . 12 80.15 0 . 05 
80.76 80.72 80.61 80.70 39 80 . 77 0 . 01 80.83 0 . 11 80.64 0.03 80.73 0.03 
81.11 81.12 80.82 80.84 40 81.09 0 . 02 81.09 0.03 80.74 0.08 80.95 0.11 
81.87 81.97 81.69 81.66 41 81.87 0 . 00 82.01 0 .04 81.60 0 . 09 81.73 0.07 
80.60 80.60 80.45 80.52 42 80.58 0.02 80.65 0 . 05 80.24 0.21 80.57 0.05 
79 .39 79.42 79.09 79 . 32 43 79.45 0 . 06 79.46 0.04 79.14 0.05 79 .40 0.08 
80.77 80.79 80.45t 80 .71 44 80.68 0 .09 80.70 0.09 78.89* 1.56* 80.71 0.00 
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TABLE I. COMPARISON OF THE FAT PERCENTAGES IN THE SAME 
SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
(Continued) 
I A.O.A.C. method Modified official Mojonnier method 1 Kohman method method 
Sample --- -
no. Diff. Diff. Difl. 
between between between 
Analyses dupli- Analyses dupli- Analyses dupli- Analyses 
cates cates cates 
80.49 80.53 80.38 80 . 31 
45 80.62 0.13 80.54 0.01 80.35 0.03 80.47 
79.86 79 .81 79 . 75 79 . 96 
46 79.89 0.03 79 .89 0.08 79 . 70 0.05 80.08 
81.56 81.50 81.40 81.40 
47 81.58 0 . 02 81.50 0 . 00 81.34 0.06 81.50 
82.11 82 . 13 81.67 82 . 15 
48 82.14 0.03 82 . 09 0.04 81.94 0 .27 82.15 
82.14 82.18 82.05 82 . 05 
49 82 . 23 0.09 82.23 0.05 82 .05 0 . 00 82.18 
82.76 82.74 82.60t 82 .50 
50 82.80 0 . 04 82.80 0 . 06 80.39* 2.21* 82.65 
Av. 80 . 702 0 . 043 80.718 0 . 050 80.482 0.112 80.661 
Variation 
from +0 . 016 -0.220 -0 . 041 
A.O.A .C . 
Max. diff . 
between 0.16 0 . 17 2.87 
duplicates 
*These values were omitted when the averages were calculated. (See discussion) . 
tThese values were doubled when the averages were calculated. 
Dill. 
between 
dupli-
cates 
0.16 
0 . 12 
0 . 10 
0 . 00 
0 . 13 
0.15 
0.096 
0 .30 
tween duplicates was 0.096 percent, with a maximum of 0.30 
percent. 
The data in table II present the r esults of the moisture analy-
ses. The average of the modified official (or Mojonnier) method 
was 0.084 percent higher than that by the A. O. A. O. method, 
and the Kohman average was 0.118 percent higher. The aver-
age of the differences between duplicates was 0.031 percent 
for the A. O. A. O. method, 0.022 percent for the modified of-
ficial (or Mojonnier) method and 0.059 percent for the Koh-
man method. The maximum variations between duplicates 
were 0.08 percent, 0.09 percent and 0.20 percent, respectively. 
It is not definitely known why the moisture t ests were higher 
by the Kohman and modified official (or Mojonnier) methods 
than by the A. O. A. O. method, although three possible ex-
planations can be offered: (a) more nearly complete removal 
of moisture, (b) volatilization to a greater extent of fatty 
acids of low molecular weight, (c) less chance for oxidation of 
fat since a much shorter heating period was used, or a combi-
nation of these factors. 
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TABLE II. COMPARISON OF THE MOISTURE PERCENTAGES IN THE SAME 
SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
A.O.A.C. method Modified official Kohman method 
Sample (or Mojonnier) method 
no. 
Analyses Diff. between Analyses Diff. between Analyses Diff. between 
duplicates duplicates duplicates 
16 . 36 16.42 16.50 
1 16 .34 0.02 16 .51 0.09 16.45 0.05 
15.96 15.99 16.00 
2 15 . 93 0 . 03 16 . 01 0.02 16.10 0.10 
15.95 16.11 16.20 
3 15 .98 0.03 16.06 0.05 16.20 0.00 
15.26 15.42 15.50 
4 15 .25 0 . 01 15.39 0 .03 15.40 0.10 
15.24 15.44 15.60 
5 15.28 0 . 04 15.43 0 . 01 15 .55 0.05 
15.15 15.24 15 . 45 
6 15.14 0 . 01 15.25 0.01 15.25 0.20 
15.80 15.85 15.85 
7 15.73 0 . 07 15.89 0 .04 15 .85 0 . 00 
16 .05 16 . 12 16.15 
8 15.98 0.07 16.11 . 0.01 16.10 0 .05 
15 . 32 15.41 15.40 
9 15.36 0.04 15.40 0 . 01 15.45 0 . 05 
15 . 90 15.94 16.00 
10 15 .87 0.03 15.93 0.01 15.90 0.10 
15.25 15.46 15.40 
11 15.33 0.08 15.55 0.09 15.40 0.00 
14 . 06 14.31 14.20 
12 14.03 0 . 03 14.31 0.00 14 . 20 0.00 
15.73 15.91 15 .80 
13 15 .78 0.05 15.95 0.04 15 .70 0.10 
16.10 16.21 16 . 05 
14 16 . 03 0.07 16 .21 0.00 16.10 0.05 
16.58 16.78 16 .70 
15 16 .52 0 . 06 16.73 0.05 16.60 0 ; 10 
15.85 15.99 15.95 
16 15.86 0 . 01 16.04 0 .05 15 .90 . · 0.05 . 
15.52 15.77 15.70 
17 15 .54 0.02 15.74 0 . 03 15 . 55 q.15 
16.60 16.72 16.75 
18 16.62 0 . 02 16.80 0 .08 16.75 0.00 
16.45 16.51 16.65 
19 16.47 0 . 02 16.53 0 . 02 16.55' 0.10 
16.65 16.74 16.70 
20 16.64 0 .01 16.73 0.01 16.80 0.10 
16.48 16.43 16.45 
21 16.41 0 . 07 16.43 0 . 00 16.40 0.05 
17 .06 17.05 17.15 
22 17.05 0 . 01 17 . 05 0 . 00 17.10 0.05 
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TABLE II. COMPARISON OF THE MOISTURE PERCENTAGES IN THE SAME 
SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
(Continuea) 
A.O.A.C method Modified official Kohman method 
Sample (or Mojonnier) method 
no. 
Analyses Dill. between Analyses Dill. between Analyses Dill. between 
duplicates duplicates duplicates 
15.92 16.05 16.15 
23 15 . 98 0 . 06 16 . 05 0.00 16 . 10 0.05 
15 .91 15 . 90 16 . 00 
24 15 .86 0 . 05 15 .88 0.02 15 . 95 0.05 
15 .86 15 .84 16 . 00 
25 15.85 0.01 15.85 0.01 15 . 95 0.05 
15.78 15.83 15 .80 
26 15 .78 0 . 00 15 .83 0.00 15 . 90 0 . 10 
16.30 16 .31 16.40 
27 16 . 30 0.00 16.30 0.01 16.45 0.05 
15.08 15.17 15.25 
28 15 . 11 0.03 15 . 18 0 . 01 15.25 0.00 
16.47 16 . 51 16.65 
29 16.49 0.02 16 .52 0.01 16 . 65 0 . 00 
15.59 15 . 68 15.90 
30 15 .64 0 . 05 15.69 0.01 15.80 0.10 
15.36 15.42 15 .62 
;11 15 . 33 0.03 15.41 0 . 01 15.60 0.02 
15 . 33 15.41 15.50 
0.05 32 15 . 32 0.01 15 . 42 0.01 15.45 
15.61 15.64 15 .85 
33 15.58 0.03 15 . 66 0 . 02 15 .80 0.05 
15.61 15 . 63 15.80 
34 15.60 0.01 15.60 0 . 03 15 .75 0.05 
15 .81 15.89 15 . 99 
35 15.81 0.00 15.86 0.03 16.00 0.01 
.\ 
16.28 16.33 16.37 
36 16.25 0.03 16 . 33 0 . 00 . 16.45 0.08 
15.98 16.01 16.10 
37 15.97 0 . 01 16.03 0.02 16.15 0.06 
15 .75 15.79 15.90 
38 15.72 0 . 03 15.78 0.01 15 .85 0.05 
16.43 16.46 16.45 
39 16.39 0.04 16.46 0.00 16.47 0.02 
16.10 16.16 16.33 
40 16.08 0.02 16.13 0 . 03 16.20 0.13 
15.17 15.18 15 .23 
41 15 .20 0 .03 15 . 21 0.03 15 .17 0.06 
16.23 16 .27 16.23 
42 16.26 0 . 03 16 .25 0 . 02 16 .21 0 . 02 
16 .51 16 .59 16 . 68 
43 16 .48 0 . 03 16 . 60 0 . 01 16.60 0.08 
16 . 13 16.19 16 . 31 
44 16 . 16 0.03 16.21 0.02 16 .21 0.10 
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TABLE II. COMPl\RISON OF THE MOISTURE PERCENTAGES IN THE SAME 
SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
(Continued) 
A.O.A.C. method Modified official Kohman method 
Sample (or Mojonnier) method 
no. 
Analyses Diff. between Analyses Diff. between Analyses Diff. between 
duplicates duplicates duplicates 
16.46 16.50 16.60 
45 16.45 0.01 16.57 0.07 16 .50 0.10 
16.49 16.56 16.54 
46 16.47 0.02 16 . 54 0.02 16.50 0 . 04 
16.00 16.05 16.00 
47 15.97 0 . 03 16.06 0.01 16 .00 0.00 
15 .00 . 15.07 15.00 
48 14 . 98 0.02 15.06 0.01 15.00 0.00 
15 . 06 15.09 15.10 
49 15.02 0.04 15.08 0.01 15 . 02 0.08 
14.69 14.76 14 .90 
50 14.67 0.02 14.74 0.02 14.80 0.10 
Av. 15.841 0 . 031 15.925 0.022 15.959 0.059 
Variation 
from +0.084 +0.118 
A.O.A.C. 
Max. diff. 
between • 0.08 0.09 0.20 duplicates 
An examination of the data in table III shows that duplicate 
salt determinations checked closely with all methods. In the 
first two samples the values were somewhat lower by the A. 
O. A. C. method than by the modified official and Kohman 
methods, which fact is attributed to overheating and volitili-
zation of some of the salt. The average of the salt analyses 
TABLE III. COMPARISON OF THE SALT AND CURD PERCENTAGES IN THE 
SAME SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
Salt Curd 
Sample 
no . A.O.A.C. Modified Kohman IA.O.A.C. Modified Kohman 
method official method . method official method 
method i method 
1 2.170 2.40 2.34 0.973 0.89 0.91 
2.244 2.40 2.36 0.898 0.97 0.99 
2.024 2.31 2.25 0.933 0.88 0.90 
2 2.0;38 2.29 2.27 0.974 0.81 0.73 
2.689 2.70 2.66 0.823 0.64 0.59 
3 2.686 2.68 2.63 0.800 0.60 0.67 
3.536 3.51 3.42 0.823 0.67 0.58 
4 3.468 3.49 3.41 0 .889 0.69 0.69 
-- 2.37 2.35 - - 0 . 71 0.65 
5 2 .388t 2.37 2.36 0.917t 0 .69 0 . 69 
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TABL~ III. COMPARISON OF THE SALT AND CURD PERCENTAGES IN THE 
SAME SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
(Continued) 
Salt 
Sample 
Curd 
no. A.O.A.C. Modified Kohm~n A.O.A.C. Modified Kohman 
method offi cial method method official method 
method method 
2 . 659 2.65 2.61 0.862 0 . 66 0.44 
6 2.625 2.62 2.63 0.846 0 .65 0 . 57 
3 .521 3.49 3.47 0.782 0.75 0.68 
7 3.438 3.45 3.45 0.754 0.70 0 . 70 
3 . 123 3.05 3 . 00 0.650 0 .74 0 .80 
8 3.017 3.02 3.00 0.742 0 .80 0 . 80 
3.041t 2.98 2.96 0.780 0 .88 0 .89 
9 -- 3.00 2.95 0.670 0.83 0 . 70 
2.755t 2 . 75 2.72 0.765 0 . 79 0 . 78 
10 -- 2.74 2 . 77 0.827 0 .76 0.83 
3.652 3.58 3.58 0.957 0 .93 1.12 
11 3.605 3.58 3.59 0.913 0 .85 1.01 
2 . 910 2.86 2.86 0 . 903 0.77 1.09 
12 2.978 2.88 2.86 0.873 0 .80 0.99' 
2.256 2.20 2.21 0.901 0 .92 1.09 
13 2.244 2.20 2.21 0 . 908 0 .81 1.09 
2.364 2.33 2.30 0.934 0 . 93 1.10 
14 2.375 2 . 32 2.28 0.937 0 . 86 0.97 
2.645 2 . 66 2.62 0.587 0.54 0.68 
15 2.614 2.65 2.61 0 . 556 0.50 0 . 49 
2.356 2.41 2.40 0.598 0.45 0 .75 
16 2.375 2.43 2.40 0 .594 0 .48 0.60 
2 . 652 2.70 2.65 0.681' 0.59 0 .85 
17 2.601 2.67 2.65 0.637 0.56 0.75 
2.834 2.83 2.84 0.621 0.59 0 .71 
18 2.824 2.85 2.84 0 . 796 0.51 0 . 56 
2.544 2.56 2 .55 0.768 0 . 75 0 . 70 
19 2.562 2.60 2.56 0.745 0 .68 0 . 69 
2 . 776 2.78 2.73 0 . 712 0 .64 0 .82 
20 2. 753 2.79 2.80 0 . 735 0.69 0.70 
2.582 2.58 2.55 0.756 0 . 76 0 . 75 
21 2 . 568 2.60 2.57 0.736 0.74 0 . 93 
2.620 2.64 2.63 ' 0 .726 0 . 78 0 .87 
22 2 .629 2.65 2.67 0.735 0 . 72 0 . 73 
2.979 2.96 2.97 0.721 0 . 73 0 .68 
23 2.947 2.98 2.96 0.722 0.71 0 . 64 
2.686 2.67 2.67 0.655 0 . 62 0.68 
24 2.683 2.68 2.69 0.699 0 . 73 0.71 
2.829 2.80 2 .82 0.714 0.73 0.73 
25 2.819 2.81 2.81 0.706 0 . 68 0 . 69 
2 . 741 2.73 2.73 0.737 0.77 0 .87 
26 2.747 2.74 2.75 0 . 761 0.74 0 .85 
2.184 2.16 2.15 0 . 775 0 .70 0 .85 
27 2 . 178 2.17 2. 17 0.757 0.66 0 . 73 
2.173 2. 17 2.18 0.743 0 . 73 0 .82 
28 2.128 2 . 19 2.19 0.762 0.75 0 . 61 
2 . 174 2 . 18 2.17 0.816 0.79 0.78 
29 2 . 191 2.20 2.19 0 .816 0 .80 0.6~ 
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TABLE III COMPARISON OF THE SALT AND CURD PERCENTAGES IN THE 
SAME SAMPLES OF BUTTER BY DIFFERENT METHODS OF ANALYSIS 
(Continued) 
Salt Curd 
Sample 
A.O.A.C. no. Modified Kohman A.O.A.C. Modified Kohman 
method official method method official method 
method method 
2.343 2 . 32 2.33 0.729 0.74 0.67 
30 2.314 2.34 2.30 0.762 0 . 66 0.60 
3.050 3 . 06 3.05 0.784 0.72 0.49 
31 3.056 3.06 3 . 04 0.738 0 . 72 0.46 
3 . 015 3.02 3.01 0.765 0.68 0 . 74 
32 2.993 3.03 3.02 0.806 0.74 0 .58 
3.008 . 3.03 3.03 0 . 839 0.67 0.72 
33 2.994 3 . 04 3.04 0.840 0 .73 0 . 66 
2.763 2.78 2.81 0 . 776 0.78 0 . 64 
34 2.778 2.83 2 .81 0 .823 0.73 0.59 
2.805 2.85 2 .82 0 .913 0 . 81 0.99 . 
35 2.806 2.85 2.85 0.878 0.79 0.85 
2 .774 2.82 2 . 83 0 . 749 0 . 78 0.77 
36 2 . 780 2.83 2.84 0.764 0.79 0.61 
3.369 3.40 3 . 37 0 .833 0.86 0.85 
37 3 . 375 3.41 3 . 32 0 . 784 0.80 0.78 
3.184 3 . 25 3.27 0.743 0.78 0.63 
38 3.181 3.23 3.24 0.777 0.78 0 . 76 
2.072 2 . 05 2 . 03 0.676 0.77 0 .82 
39 2.046 2.04 2 . 07 0.683 0.67 0.73 
1.940 1.94 1.95 0 . 757 0.78 0 .88 
40 1.934 1.94 1.95 0.759 0 .84 0.90 
2 . 093 2.07 2.08 0.768 0.78 1.03 
41 2 . 071 2.07 2.07 0.746 0.71 1.03 
2.410 2.42 2 . 41 0 . 716 0.71 0 . 84 
42 2.400 2 . 42 2 .39 0 . 685 0.68 0.83 
3 . 162 3.17 3 . 15 0 . 838 0 .82 0.85 
43 3.168 3.16 3 . 15 0 .811 0.78 0.85 
2 . 278 2.29 2.31 0 . 755 0.73 0.67 
44 2.271 2.31 2 . 28 0 . 771 0.78 0.80 
2.134 2 . 15 2 . 15 0 . 796 0.82 0.94 
45 2 . 089 2.16 2 . 17 0 . 750 0.73 0 . 84 
2 . 716 2.73 2.71 0 .814 0.90 0.79 
46 2 . 719 2 . 73 2.71 0.806 0.84 0 . 71 
1.654 1.69 1.69 0.784 0.76 0.91 
47 1.603 1.70 1.68 0 . 769 0.74 0 .81 
1.998 2 . 02 2 . 01 0 .839 0.78 0.84 
48 1.986 2 . 01 2 . 03 0 .867 0.84 0.82 
1.893 1.93 1.87 0.819 0.80 0 . 98 
49 1.895 1.92 1.92 0 .801 0.77 0.88 
1. 742 1. 77 1.78 0 . 732 0.73 0 .82 
50 1.735 1. 76 1.77 0.736 0 . 70 0 . 78 
Av. 2.600 2 . 617 2.603 0 . 781 0 .741 0 . 777 
Variatio9-
I +0 . 017 +0 . 003 -0 . 040 
-0 . 004 from 
A.O.A.C. 
tThese values were doubled when the averages were calculated. 
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was 0.017 percent higher for the modified official and 0.003 
percent higher for the Kohman than for the A. O. A. C. method. 
The averages of the curd contents by the modified official and 
Kohman methods were 0.040 percent and 0.004 percent lower, 
respectively, than by the A. O. A. C. method. The variations 
betweeT). duplicates were greater by these methods .than by the 
A. O. A. C. method as would be expected, since the curd is de-
termined indirectly and is thus influenced by salt analyses. 
EXPLANATION OF DISCREPANCIES IN THE FAT ANALYSES 
Two types of discrepancies in the fat analyses were ap-
parent: (a) abnormal variations between duplicates with the 
M ojonnier method in approximately 10 percent of the deter-
minations, and (b) the fact that the average of the fat de-
terminations by this method (not including abnormal samples) 
was 0.22 percent lower than that by the A. O. A. C. method. 
With regard to the first abnormality, it is considered that 
either peculiarities in the emulsification of the fat prior to ex-
traction prevents the total removal of the fat by the solvents 
used in some cases, or that" blowing out" of fat in ether oc-
curs when the corks are removed after shaking the samp1es, 
subsequent to the addition of ether and again' of petroleum 
ether. With such products as milk, ice cream mix and cream 
(containing less than 25 percent fat), samples of 10 gm., 5 
gm. and 2 gm., respectively, are used. Consequently such 
amounts of fat as would be lost in the latter manner would 
represent a much lower percentage of the sample weight 
and would cause less variation in the analysis than would 
like losses in a product such as butter, in the analyses of which 
a 1 gm. sample, containing 80 percent fat, is used. 
An attempt was made to decrease the magnitude of the 
errors between duplicates in two ways. Cold water was used 
in place of hot water in order to minimize the tendency to 
lose fat through "blowing out," and a third extraction with 
ether and petroleum ether was employed. Another slight 
modification of procedure was made; i.e., the samples, water, 
ammonium hydroxide and alcohol were placed in the extrac-
tion flasks and the mixtures were agitated without the 
corks having been inserted. After the addition of ether the 
stoppers were placed in the flasks and the usual shaking pro-
cedure was followed. This again helped minimize the possi-
bility of loss by "blowing out." These modifications did not 
eliminate the unusual variations that occur at times but did 
seem to give values for fat slightly higher than did the two-
extraction procedure. 
The variation of about 0.20 percent between the two types 
of methods still remained without explanation. It was con-
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sidered that this difference was very probably due to the fact 
that fatty acids might be determined as fat in the A. O. A. C. 
method, whereas they might be converted to the ammonium 
salts and not extracted as fat in the Mojonnier method. It 
was recognized that the ammonium salts of the fatty acids 
likely to be encountered are soluble in the organic solvents 
used in the Mojonnier method, but it was considered that they 
were very probably not extracted because of a greater solu-
bility in water than in the solvents used. The data to be pre-
sented will support this supposition. 
For a preliminary survey six samples ranging in acid value 
from 1.12 cc. to 29.00 cc. N/ I0 NaOH per 10 gm. butter were 
selected. The acid values were determined as follows: 50 cc. 
of neutral alcohol were added to 10 gm. of butter in a fat ex-
traction flask; the mixture was heated carefully until t.he 
alcohol boiled and was titrated with N/ I0 NaOH with phe-
nolphthalein as the indicator, until the alkaline color of phe-
nolphthalein remained for 1 minute when the sample had 
been thoroughly agitated after the last addition of alkali. The 
alcohol vapors prevented, to a marked extent, the lag in end 
point usually caused by the incorporation of carbon dioxide. 
The end point, however, was not sharp due to the partition 
of the acids between the fat and the alcohol-water phases. 
For this reason the I-minute period is specified. 
The six samples were each subjected to three analytical pro-
cedures-the A. O. A. C., the Mojonnier (3 extractions) and 
the Mojonnier method identical in all respects to that above 
except that no ammonium hydroxide was used. It was con-
sidered that the A. O. A. C. method would give a fat value 
equivalent to fat plus fatty acid; that the Mojonnier method 
would give a fat value equal approximately to fat only and 
that the Mojonnier method less ammonium hydroxide woula 
give a value for fat approximating that, by the A. O. A. C. 
method. 
Table IV presents the results obtained in this preliminary 
survey. With the exception of sample 3 the deviations be-
tween the A. O. A. C. and regular Mojonnier methods increase 
as the acid value of the butter increases. Sample 3 was a 
"high starter" butter which may account for the large titra-
tion value in comparison to the small difference between the 
two methods on a weight percentage basis. Surprisingly 
good correlation is obtained between the non-ammonium hy-
droxide Mojonnier and the A. O. A. C. analyses, particularly 
with samples 5 and 6, where the differences between the A. O. 
A. C. and regular Mojonnier methods are 3.940 percent and 
3.835 percent, respectively. Those between the A. O. A. C. 
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TABLE IV. THE EFFECT OF THE QUALITY OF THE BUTTER ON THE 
FAT ANALYSIS BY DIFFERENT METHODS 
Sam- Condition cc. N/10 A.O.A.C. Mojonnier Mojonnier A.O.A.C. A.O.A.C. 
pIe of butter NaOHper % fat % fat (no less Moj- less Moj-
no. 10 grams NH.OR) onnier % onnier (no 
of butter % fat NH.OH)% 
1. a excellent 1.15 81. 72 81.46 81.66 
b no starter 1.10 81.69 81.58 81.66 
no neutral-
avo izer 1.125 81. 705 81. 520 81.660 0.185 0.045 
2. a fair 1.65 80.86 80.59 80.63 
b starter (7) 1.62 80.85 80.58 80.80 
avo neutralized 1.635 80.855 80.585 80.715 0.270 0 . 140 
3. a excellent 1.92 80 . 30 80.25 80.43 
b much start- 1.98 80.33 80.29 80 . 39 
er aroma 
avo no neutral-
izer 1.950 80.315 80.270 80.410 0 . 045 -0.095 
-_. 
4. a poor 2 . 36 80.64 80.35 80.50 
b no s tarter 2.40 80.57 80.31 80.53 
avo neutralized 2.380 SO.605 80.330 80.515 0 . 275 0.090 
rancid, 
cheesy, 
80.53 5. a moldy 25.24 76.66 80.16 
b starter (7) 25 . 29 80.51 76.50 80 . 00 
avo neutralized 25.265 80.520 76 .580 80.080 3.940 0.440 
extremely 
6. a rancid, in- 28.94 89 .83 85 . 92 89.52 
b oculated 
with fat-
splitting 
bacteria 29.02 89.69 85.93 89.51 
avo 28.980 89.760 85 . 925 89.515 3.835 0 . 245 
and non-ammonium hydroxide Mojonnier methods are but 
0.440 percent and 0.245 percent. 
The results above indicate that the major portion of the 
differences between the A. O. A. C. and the Mojonnier meth-
ods is caused by fatty acids. It was felt, however, that addi-
tional data by this method would have been of little value 
since the method can be criticized because it presents indirect 
evidence only. 
Therefore, the following procedure was outlined to obtain 
direct evidence that fatty acids were responsible for the dif-
ferences between the methods. A group of samples was 
analyzed by the A. O. A. C., the Mojonnier and by what has 
been termed the "ten-gram extraction." This method is an 
adaptation of the Rose-Gottlieb method for 10-gm. samples 
of butter. A liter separatory funnel, the stopcock of which 
was lubricated with graphite (from a soft lead pencil), was 
used as the extraction flask . The amounts of reagents used 
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were as follows: first extracti.on, ' 80 cc. hot water, 15 cc, am-
monium hydroxide, 100 cc. ethyl alcohol and 200 cc. each of 
ethyl ether and petroleum ether; second extraction, 50 cc. 
ethyl alcohol and 100 cc. each of ether and petroleum ether 
and, third extraction, 50 cc. ethyl alcohol and 50 cc. each of 
ether and petroleum ether. After each extraction the separa-
tory funnel was washed with petroleum ether. These wash-
ings were added to the extracted material. The time elapse 
between successive extractions permitted the partial evap-
oration of the solvents so that the handling of the extracted 
material was not cumbersome due to its large volume, After 
the last extraction the solvents were evaporated, the .fat was 
dissolved in petroleum ether, filtered through a glass cruci-
ble (coarse disk) and transferred to a Mojonnier fat dish. 
The petroleum ether was evaporated on the hot plate at 1350 
C. The fat was heated at 135 0 C. in the vacuum oven for 10 
minutes, was cooled 30 minutes and was weighed. 
The water-ammonium hydroxide-alcohol residue was made 
distinctly acid to methyl orange by the cautious addition of 
1:4 sulfuric acid, and was then twice extracted with 50 cc. 
each of ethyl and petroleum ethers. For these extractions 
both reagents had been redistilled. The acid-ether solutions 
were evaporated just to dryness in 250 cc. beakers on a steam 
plate at 1200 C. They were dissolved from an alcohol soluble 
impurity with petroleum ether, filtered through a glass cruci-
ble (fine disk) and transferred to weighed 100 cc. beakers. 
'After the solvents were evaporated, the acids were heated for 
15 minutes at 50-60 0 C. under 20-22 inches vacuum, were 
cooled for 1 hour and were weighed. Then the acids were 
dissolved in 10 cc. neutral alcohol and were titrated with 
N/ I0 NaOH. 
In the preliminary runs, it was noticed that a white residue 
was filtered, together with the graphite, from the fat solutions 
in the 10-gram extractions. It was,likewise noted that the fat 
percentage by the 10-gram extraction was consistently lower 
than that by the Mojon~ier method. This seemed to indicate 
that a similar residue insoluble in petroleum ether might exist 
in the Mojonnier "fat" and cause the differences betwe'en these 
fat determinations. Therefore, in the data presented in table 
V, the" fat" from the Mojonnier method was dissolved in pe-
troleum ether, after having been taken to constant weight, was 
filtered through a glass crucible (fine disk) and the weight of 
insoluble' residue was determined. 
Table V presents in detail the data accumulated with eight 
samples of butter obtained from those samples received for 
a.nalysis in the composition study and with two that could 
definitely be classed as rancid. 
377 
Before discussing this table it might be well to state that the 
possibility of saponification of fat by the ammonium hydroxide, 
which is used to disperse the casein in the Mojonnier and Rose-
Gottlieb methods, was considered as a possible factor in the 
lower fat percentages by these methods than by the A. O. A. C. 
method. It was dismissed, however, since Burr (4) has shown 
that with skimmilk, whole milk and cream no such saponifica-
tion occurred. In this study, he reported that sufficient hydro-
chloric acid was employed to disperse the proteins in the fat-
free residues from his analyses before the fatty acid extractions 
were made. The use of the concentrated acid decomposed 
the proteins to some extent, yielding aliphatic and aromatic 
amino acid residues in extremely small quantities. Since the 
butter residues were made bt~t distinctly acid to methyl orange, 
it is felt that such decomposition of proteins was avoided and 
that the acids extracted were fatty acids. 
Column 3 of table V gives the acid value of the butter and 
may be used as an indication of its quality. The percentages 
of fat by the A. O. A. C., the Mojonnier and the 10-gram ex-
tractions are found in columns 4, 5 and 6, respectively. Col-
umns 7 and 8 present the differences between the averages of 
the A. O. A. C. and the Mojonnier, and the A. O. A. C. and the 
10-gTam extractions. Column 9 sets forth the percent of fatty 
acids extracted. These values are in surprisingly good accord 
with the differences between the A. O. A. C. and the 10-gram 
methods. In column 10 the titration value of the extracted 
acids expressed as cc. N/ 10 NaOH is shown. This value cal-
culated as the percent of the total titration, from the acid 
value, is in column 11. Barring sample 7 the magnitude of this 
percentage is fairly constant. 
The differences between the Mojonnier and the 10-gram 
methods are given in column 12. These differences are in fair 
agreement with the insoluble residues from the Mojonnier 
"fat" (column 13) except in sample 5, a fact which it is felt 
explains the discrepancies between the fat percentages by these 
methods. Samples 9 and 10 were run before it was deemed 
necessary to make this correction, although there appeared to 
be a residue in the Mojonnier fats from these samples. 
Inasmuch as a marked odor of volatile fatty acids is noted 
in the determination of moisture by the Kohman, the A. O. A. 
C. and the modified official methods, it was considered that 
very probably only the higher molecular weight fatty acids 
would affect the fat analyses by these methods. Therefore it 
was expected that the weights of fatty acids extracted would 
be higher than the differences between the methods in all 
cases. That this is not true is due probably to the high solu-
bility of the low molecular weight acids in but slightly acidi-
TABLE V. THE INFLUENCE OF ACIDITY ON THE ANALYSIS OF FAT IN BUTTER 
Sam- cc. N/1O 10-gram A.O.A .C . A.O.A.C. % fatty cc. N/ 1O % of total 
pie Condition NaOHper. A .O.A.C. Mojonnier extraction less M oj- less 10 gm. acids by NaOH to titration 
no. of butter 10 grams % fat % fat % fat oooier % extraction weight titrate equivalent 
butter % fatty acids to acids 
extracted 
1 2 3 4 5 6 7 8 9 10 11 
a excellent 1.08 80.94 80.92 80 . 71 0 .208 0 . 77 
1. b no starter 1.08 80.99 80.80 80.76 0.211 0 .76 
avo no neutralizer 1.080 80.965 80.860 80.735 0 . 105 0 .230 0 . 2145 0.765 70 . 86 
a excellent 1.32 80.20 80.03 79 .98 0 .239 0.89 
2.*b no starter 1.30 80 . 19 79.99 79.97 0.240 0.88 
avo DO neutralizer 1.310 80.195 80.010 79 . 975 0.185 0 .220 0.2395 0 . 885 67 . 55 
a excellent 1.35 79 . 66 79.61 79 .55 0.251 1.10 
3.*b no starter 1.33 79.72 79.64 79.46 0.247 1.07 
avo no neutralizer 1.340 79 . 690 79 . 625 79.505 0 . 065 0 . 185 0.2490 1.085 80.97 
a good 1.41 80 .45 80 . 20 80 . 13 0 . 270 1.05 
4. b starter (?) 1.43 80.44 80.18 80.12 0.266 1.05 
avo neutralized 1.420 80 .445 80 . 190 80 . 125 0 .255 0.320 . 0.2680 1.050 73 . 95 
a fair 1.81 80.40 80.14 80 . 09 0.279 0.99 
5. b starter (?) 1.89 80.43 80.10 80.09 0.271 1.00 
avo neutralized 1.850 80.415 80 . 120 80 . 090 0.295 0 .325 0 . 2750 0.995 53.78 
*Butter color present in fatty acid extract. 
Mojonnier 
minus 10-
gram 
extraction 
12 
0 . 125 
0 . 035 
0 . 120 
0 . 065 
0 . 030 
% of in-
soluble 
material in 
fat from 
Mojonnier 
13 
0 . 104 
0.082 
0 . 093 
0.094 
0.100 
0 . 097 
0.102 
0 . 098 
0 . 100 
0.096 
0.098 
0 . 097 
0.124 
0 . 122 
0 . 123 
CI,;) 
-l 
00 
TABLE V. THE INFLUENCE OF ACIDITY ON THE ANALYSIS OF FAT IN BUTTER 
(Continued) 
---
Sam- cc. N/ 10 10-gram A.O.A.C. A.O.A.C. % fatty cc. N/lU % of total 
pJe Condition NaOHper A.O.A.C. Mojonnier extraction less Moj- less 10 gm. acids by NaOH to titration 
no. of butter 10 grams % fat % fat % rat onnier % extraction weigb,t titrate equivalent 
butter % fatty acids to acids 
eJ<tracted 
a excellent 1.92 79.80 79.75 79.53 0.308 1.22 
6.*b much starter 1.94 79.81 79.69 79.57 0.304 1.18 
sroms 
avo no neutralizer 1.930 79.805 79.720 79.550 0.085 0.255 0.3060 1.200 62.18 
---
a poor 2.27 79 . 99 79.88 79.71 0.300 1.05 
7.*b starter (7) 2.31 80.01 79.79 79.71 0.292 0.95 
avo neutralized 2 . 290 80.000 79.835 79.710 0 . 165 0.290 0 . 2960 1.000 43.67 
a very poor 2 . 39 81.07 80.67 80 .53 0.443 1.50 
8.*b starter (?) 2.35 81.03 80.72 80.55 0.455 1.59 
avo neutralized 2 .370 81.050 80.695 80.540 0.355 0 . 510 0.4490 1.545 65.19 
avo 1.699 80.321 80.132 80.029 0.189 0 . 292 0.2871 1.066 64.77 
rancid 
a cheesy , moldy 25.24 80.53 76.66 75.15 4.875 17 . 71 
9. b starter (1) 25.29 80.51 76.50 75 . 17 4.844 17.21 
avo neutralized 25 . 265 80.520 76.580 75.160 3 . 940 5.360 4.8595 17.460 69.11 
extremely 
a rancid, inocu- 28 . 94 89.83 85.92 84.48 5 . 196 19.48 
10. b lated with fat- 29.02 89 . 69 85.93 84 . 51 5.255 19.75 
splitting 
Av. bacteria 28 .980 89.760 85.925 84.495 3.835 5 . 265 5.2255 19.615 67.68 
*Butter color present in fatty acid extract. 
Mojonnier 
minus 10-
gram 
extraction 
0.170 
0.125 
0.155 
0 . 103 
1.420 
1.430 
~--
% of in-
soluble 
material in 
fat from 
Mojonnier 
0 .098 
0.096 
0 .097 
0.148 
0.126 
0.137 
0.206 
0 . 196 
0.201 
0.118 
--
--
--
--
--
--
c.:l 
-:J 
<.0 
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fied solutions, to the volatilization of these acids even with the 
precautions exercised in drying the extracted acids or to a com-
bination of these factors. A calculation (based on the average 
of the first eight samples) of the molecular weight of the ex-
tracted acids from neutralization equivalent (assuming one car-
boxyl group per molecule) gives a value of 267.2. This is in ac-
cord with Browne's (3) value of 261.0 for the mean molecular 
weight of insoluble fatty acids in butterfat. 
It may be interesting to note that the titration value of the 
fats from the la-gram extraction was negligible in the several 
tests made. The same was true with the Mojonnier "fats." In 
samples 9 and 10, however, the M'ojonnier "fats" gave titra-
tion values of about 0.7 cc. N/ 10 NaOH. Titrations were not 
made with these samples on the fats from the la-gram extrac-
tions. 
In connection with table V it should be mentioned that Bies-
terfeld and Evenson (2), while investigating dairy products 
and lard, found that an additional extraction after the addition 
of acetic acid gave higher fat values than did the regular Rose-
Gottlieb method. They recognized that this was probably due 
to extraction of fatty acids in products which had become ran-
cid. Eccher (6) compared the Rose-Gottlieb method with a 
modification of that method in which HOI replaced NH40H, and 
attributed the higher fat values by the latter to extracted fatty 
acids. 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
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